Six known saponins, glycosides of hederagenin and oleanolic acid, have been isolated from the tubers of Ranunculus ficaria L. (Ranunculaceae). Their separation included the use of centrifugal partition chromatography (CPC). Structure determination was achieved on the basis of chemical evidence and extensive spectral studies. This is the first report of these triterpene glycosides from R. ficaria.
It has been shown that saponins from the tubers have local anti-hemorrhoidal activity [1] and patents exist for the preparation of saponin-rich extracts, principally employed for the formulation of antihemorrhoidal ointments, for example [2] . Little is known about the precise structures of these triterpene glycosides and there is some vagueness and uncertainty associated with their content [3] [4] [5] [6] [7] [8] . However, hederagenin has been identified as the main triterpene aglycone and oleanolic acid is present in smaller amounts [6] . This paper reports on the isolation and structure determination of the 6 major saponins from the tubers of R. ficaria.
The saponin-containing methanol extract of R. ficaria tubers was subjected to partition between water and n-butanol. The n-butanol part was separated by a combination of methods, including silica gel opencolumn chromatography, CPC, and low-pressure liquid chromatography (LPLC). As a result, six saponins (1 -6) were isolated.
The negative APCI-MS of saponin 1 gave a quasimolecular ion at m/z 603 [M-H]in agreement with a molecular formula of C 35 H 56 O 8 (MW 604) . A MS 2 experiment with the [M-H]ion gave a negative fragment at m/z 471 [M-H-132]corresponding to the loss of a terminal pentosyl moiety. This was confirmed as arabinose after acid hydrolysis of the saponin. Compound 1 was identified as hederagenin 3-O-α--L-arabinopyranoside on the basis of 1 H, 13 C NMR (Table) , COSY, HSQC and HMBC spectral data. This saponin has previously been found in several plants, including Fatsia japonica (Araliaceae) [9, 10] and Collinsonia canadensis (Lamiaceae) [11] . However, the attributions of C-23 of hederagenin and C-5 of arabinose described for 1 in the latter plant must be interchanged, since there is a correlation in the HMBC spectrum between C-23 (δ C 64.7) and the methyl group at C-24 (δ H 0.90). (Table) , COSY, HSQC and HMBC spectral data allowed attribution of all aglycone and sugar signals. When the 13 C NMR signals of 1 and 3 are compared, a downfield shift (about 10 ppm) for C-4 of arabinose is observed. Thus the terminal glucosyl moiety is attached at C-4 of arabinose and 3 is hederagenin 3-O-β-Dglucopyranosyl-(1→4)-α-L-arabinopyranoside. The 13 C NMR data (Table) are virtually identical to those given by Joshi et al. [11] .
Saponin 2 gave a quasi-molecular ion [M-H]at m/z 749 in the negative ion ESIMS, indicating a molecular weight of 750. In the same way as 3, MS n analysis of 2 showed the consecutive loss of a hexosyl moiety, followed by a pentosyl moiety. Acid hydrolysis afforded the aglycone oleanolic acid, together with glucose and arabinose. Examination of the COSY spectrum allowed complete assignment of the glycosidic proton system. However, instead of a 10 ppm downfield shift of C-4 of the arabinosyl moiety as observed in 3, saponin 2 gave an 8 ppm downfield shift of C-2. Saponin 2 is therefore oleanolic acid 3-O-β-D-glucopyranosyl-(1→2)-α-Larabinopyranoside. 13 C NMR data for this compound are also described by Zhong et al. for the same saponin isolated from Clematis tangutica (Ranunculaceae) [12] .
Acidic hydrolysis of saponin 4 gave the aglycone oleanolic acid and the sugars glucose and rhamnose. Three anomeric carbons in the 13 C NMR spectrum were observed at δ 95.6, 104.8 and 102.7, suggesting that one of the sugars was attached at C-28 of the aglycone. As no signal appeared between δ 80 and δ 90, this saponin was monodesmosidic. The negative ESI-MS of saponin 4 gave a quasi-molecular ion at m/z 925 [M-H]in agreement with a molecular formula of C 48 H 78 O 17 (MW 926). Analysis of 1 H, 13 C NMR (Table) , COSY, HSQC and HMBC spectral data allowed attribution of all aglycone and sugar signals. From the HMBC spectrum, it was established that the sugar (glucose) attached to the aglycone was substituted at C-6 by a second glucosyl moiety. The terminal sugar (rhamnose) was attached at C-4 of the middle glucose, as confirmed by the upfield shift of ca. 8 ppm of this signal in the 13 
β-D-glucopyranoside [13] .
Saponin 5 gave a quasi-molecular ion [M-H]at m/z 941 in the negative ion ESIMS, indicating a molecular weight of 942. Acid hydrolysis gave the same sugars as 4, but the aglycone hederagenin instead of oleanolic acid. As in 4, the chemical shifts of the three anomeric carbon atoms in the 13 C NMR spectrum ( Table) and the absence of a signal between δ 80 and δ 90 suggested the presence of a monodesmosidic saponin with the sugar moiety at C-28 of hederagenin. Attribution of signals in the 13 C and 1 H NMR spectra by analysis of the 2D spectral data (COSY, HSQC, HMBC) gave a trisaccharide side chain with the same substitution positions as 4. Thus saponin 5 is hederagenin 28-O-[α-L-rhamnopyranosyl-(1→4)-β-D-glucopyranosyl (1→6)]-β-Dglucopyranoside first isolated by Kizu et al. [14] from Hedera nepalensis (Araliaceae). The 13 C NMR chemical shifts of this glycosidic side chain correspond to those given for the 28-O-ester of a hederagenin saponin isolated by Texier et al. from R. ficaria [4] . However, in the latter report, a branchedchain structure is presented. In light of the present This saponin, first discovered in the aerial parts of Fagonia arabica (Zygophyllaceae) [15] , has only been subsequently reported in Akebia trifoliata (Lardizabalaceae) [16] .
The isolation and characterization of saponins 1-6 has been performed in order to clarify the saponin pool of R. ficaria. The tubers are known to contain a mixture of saponins, but their complete structure determination until the present study had not been achieved. Brief and rather vague reports were previously given on the presence of hederagenin 28-O-β-D-glucopyranoside [5] and the formation of a hederagenin rhamnoglucoside in the presence of an enzyme preparation [8] . Another investigation referred to a polyglucosidic chain attached at the C-3 hydroxyl group of hederagenin [3] . The saponin reported by Texier et al. [4] , which is more likely to possess a linear instead of a branched 28-O ester side chain, was not identified as one of the major R. ficaria glycosides in the samples analyzed in this study.
Initial separation of saponins from the crude extracts was successfully achieved by CPC. This all-liquid method has proved of great importance for the isolation of polar, glycosidic compounds and also for the separation of less polar classes of natural products [17] . After the initial fractionation by CPC, final 
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White amorphous powder. 13 Acid hydrolysis: Saponin (2 mg) was refluxed in 2 N HCl (10 mL) for 3 h. The reaction mixture was extracted with CHCl 3 . The remaining aqueous layer was neutralised with NaHCO 3 and evaporated to dryness. The residue was extracted with pyridine, which was then filtered and evaporated to dryness. Monosaccharides were identified by comparison with authentic samples on TLC (i-PrOH-H 2 O 85:15), after detection with naphthoresorcin.
Saponins 1, 3 and 5 furnished hederagenin, while saponins 2, 4 and 6 furnished oleanolic acid. Saponin 1 gave arabinose as monosaccharide, while 2, 3 and 6 gave arabinose and glucose; 4 and 5 gave glucose and rhamnose.
